Conservation of migratory birds necessitates protecting suitable stopover habitat along migratory routes as well as destination habitats, especially near large geographic barriers such as the Gulf of Mexico. The Florida Keys (Keys) are an important stopover and breeding destination for migratory landbirds. We documented 47 migratory and 21 resident landbird species via point counts during March-May 2004 and. As a group, species richness, species diversity, and the effective number of species of migratory landbirds, including several species of conservation concern, was significantly and positively associated with percent cover of tropical hardwood hammock, a threatened upland forest type. The collective resident landbird community in the Keys was negatively associated with native hammock cover, although species diversity of the resident community was positively associated with the proximity of native hammock and several resident species, including species of conservation concern, were commonly or predominantly associated with native hammock. Consequently, conservation of native hammock habitat in the Keys is an important conservation priority for migratory birds and several resident species of conservation concern.
Introduction
The loss and fragmentation of native plant communities used as breeding and wintering grounds is recognized as a serious threat to the conservation of migratory birds [1] [2] [3] [4] . In addition to these destination habitats, the loss of high-quality stopover areas where birds can rest and refuel energy reserves during migration may pose additional challenges to conserving migratory species, especially near large geographic barriers [5, 6] . Although the role of stopover habitats in migratory bird ecology is not well understood [7] , the loss of stopover habitats has been implicated in the decline of some migratory bird populations [3, 4, 8] . Consequently, the availability, location, and quality of both destination and stopover habitats are considered important components of conservation planning for migratory species.
The Florida Keys (Keys) are a chain of low-lying islands that extend from the southeastern tip of Florida and arc in a southwesterly direction to the Dry Tortugas [9] . These islands are located along one of the primary migratory routes for birds that breed in tropical and temperate North America and winter in the Caribbean and South America [10, 11] . The Keys also provide habitat for Caribbean avian species that rarely appear anywhere else in North America, such as the Mangrove Cuckoo (Coccyzus minor), Black-whiskered Vireo (Vireo altiloquus) and the state listed, threatened Whitecrowned Pigeon [11, 12] 
(Patagioenas leucocephala).
Tropical hardwood hammocks (hammocks) are closed canopy forests characterized by a diverse suite of evergreen and semideciduous woody species primarily of West Indian origin, many or most of which are producers of mast [13, 14] . This forest type has been largely converted to other uses and is ranked as an imperiled habitat type in Florida [11] . Remaining hammock remnants are found primarily in the Keys and those areas in private ownership are under intense development pressure because hammocks occur on the highest elevations where flooding rarely occurs and are prime areas for conversion to residential and urban uses [15, 16] . Loss of this uniquely situated and rare forest type has potentially serious consequences for many plant and animal species, including migratory and rare Caribbean species of birds that use hammocks for stopover, wintering, and breeding habitat [11] . Although hammocks are believed to provide important habitat for migratory and resident birds [11] , little information is available on their use by all but a few species [15] , and no information exists to evaluate the comparative value of hammocks and residential areas for migratory and resident bird communities in the Keys. The objective of this study was to quantify the influence of site and landscape variables associated with hammocks and residential areas on species richness and diversity of migratory and resident bird communities in the Keys during the spring migration and breeding period to evaluate the respective roles of hammocks and residential areas as habitat for migratory and resident bird populations. Figure 1 ) is located within the subtropical region of the Western hemisphere and extends in a southwest direction 354 km from the southeast tip of peninsular Florida (25 • N, 80
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Study Area. The Keys archipelago (
• W). The Keys have a mild tropical climate, annual rainfall averages 101 cm, temperatures varying from 10-32
• C, and mean temperature exceeding 18
• C during all 12 months [21] . The Keys can be distinguished as two geologically separate groups of islands based on substrate (Figure 1 ). The upper Keys rest on Key Largo Limestone and extend from Soldier Key approximately 150 km southwest to Big Pine Key, whereas the lower Keys sit on Miami oolitic limestone and extend from Big Pine Key westward approximately 60 km to Key West [22] . These geological differences influence plant growth, with more and larger hammock communities occurring in the upper Keys [16] .
Hammocks in the Keys support high plant diversity and are dominated by evergreen and semi-deciduous woody species, most of which produce mast and are of West Indian origin [11, 13, 23] . Typical canopy species include Gumbolimbo (Bursera simaruba), paradise tree (Simarouba glauca), pigeon-plum (Coccoloba diversifolia), strangler fig (Ficus aurea), wild mastic (Sideroxylon foetidissimum), willowbustic (Sideroxylon salicifolium), and West Indian mahogany (Swietenia mahagoni) among others. Common subcanopy and understory trees and shrubs include Bahama strongbark (Bourreria succulenta), beeftree (Guapira discolor), black ironwood (Krugiodendron ferreum), inkwood (Exothea paniculata), lancewood (Ocotea coriacea), marlberry (Ardisia escallonioides), poisonwood (Metopium toxiferum), satinleaf (Chrysophyllum oliviforme), and red and white stoppers (Eugenia spp.). In addition to hammocks, other native plant communities include mangrove and tidal marsh wetlands in low-lying coastal areas, and freshwater marsh and pine (Pinus elliottii) communities in more inland sites [11] .
Bird Surveys.
We conducted morning bird surveys between sunrise and 180 minutes after sunrise as 20 m fixedradius point counts with 5-min survey intervals [24] . Point count locations were located in conservation areas supporting native hammock communities with intact understory and residential areas with varying degrees of canopy cover during March-May (spring migration and breeding period) 2004 and 2005. Bird surveys were restricted to the upper Keys (Key Largo to Vaca Key, Figure 1 ) due to logistical constraints and because the upper Keys had more and larger hammock communities than the lower Keys [16] . Point count locations were identified by creating a Geographical Information Systems (ESRI GIS Software ArcMap 9.0) database of all protected hammocks and residential areas [16] . We established point count locations in all protected hammocks in the study area. Residential areas were pooled, numbered, and point count locations were randomly drawn from the dataset of potential sites. Vacant lots dominated by the invasive nonnative shrub Brazilian pepper (Schinus terebinthifolius) were eliminated from the pool of potential survey sites because Brazilian pepper is actively eradicated and represents a temporary condition that is neither a native plant community nor an urbanized habitat type of interest. All point count locations were separated by >250 m to maintain independence of observations [24] . Each point count location was marked with flagging tape and location coordinates were recorded with a Global Positioning System (GPS) unit.
We established 86 point count locations, 27 (31%) of which were in native hammocks and 59 (69%) of which were in residential areas with varying amounts of native hammock, canopy with open understory, and other cover types. We quantified 4 site variables and 2 landscape variables at each point count location ( We surveyed birds at each point count location 5 times for each field season with the exception of 1 protected hammock where 2 locations were surveyed 4 times during 2004 because permission to access the hammock was delayed. The northern-and southern-most point count locations were separated by approximately 97 km, so we randomly ordered groups of point count locations and alternated the direction in which bird surveys were conducted. We conducted point counts at approximately 16 locations per morning.
During surveys, we recorded all birds detected by call, song, or sight within the 20-m point count radius (excluding flyovers) and identified each to species. For each species detected we recorded presence (frequency) and abundance ( Table 2) . We also calculated detection rates for all species based on frequency (presence/total point counts) and abundance (number birds/total point counts) for point count sites categorized by percent cover of native hammock with understory vegetation (Table 2 ). Point count site cover categories included <10% hammock (n = 42, x = 1% cover), 15-52% hammock (n = 17, x = 35% cover) and 65-100% hammock (n = 27, x = 97% cover).
Each species recorded was classified as either a yearround resident (YR) or as a migratory species (MS), which included migratory species that use the Keys as wintering habitat, as a breeding destination, or as stopover habitat during migration (Table 2 ). These different categories of migratory birds were pooled because many migratory species could be classified in multiple categories, for example, Gray Catbirds (Dumetella carolinensis) use the Keys as stopover habitat and also winter there [18] . When species included both resident and migratory populations, for example, White-eyed Vireo (Vireo griseus) and Prairie Warbler (Dendroica discolor), the species was designated as YR because it was not possible to differentiate between resident and migrant individuals. For species whose migratory status has been questioned, for example, Black-whiskered Vireo (Vireo altiloquus), Mangrove Cuckoo (Coccyzus minor), and White-crowned Pigeon (Patagioenas leucocephala), we relied upon published authorities to make our determination [17, 18] . Water birds (i.e., seabirds and wetland birds), domestic species (e.g., Peafowl, Pavo cristatus), an unidentified parrot (Amazonia sp.), and 1 rare vagrant (Blue Bunting, Cyanocompsa parellina) were removed from the dataset prior to analysis.
Statistical Analyses.
At each point count location we calculated 3 community measures separately for MS and YR, total species richness, species diversity, and the effective number of species. Species richness was calculated as the total number of species observed at each location. We used the Shannon-Wiener index (Shannon entropy) as an index of species diversity because it is sensitive to changes in the abundance of rare species in a community [25] . We calculated the effective number of species from ShannonWiener index values at each location as exp(− s i=1 p i ln p i ), according to Jost [26] , where S is the total number of species in the community, i is an individual species from that community, and p i is the proportion of S contributed by the ith species. The benefit of calculating the effective number of species is that this measure is described as a true diversity measure that can be calculated from multiple diversity indices (e.g., Shannon-Wiener index, Gini-Simpson index), and the results from these conversions can be compared directly, whereas the original values from different diversity indices cannot be compared [26] .
We developed separate heterogeneous slopes models to evaluate the influence of independent landscape and site variables (Table 1) on MS and YR response variables for each community measure (species richness, species diversity, and effective number of species). The independent variables in each model were fit with separate intercepts and slopes for each response variable. In each case we analyzed the influence of independent variables on MS and YR simultaneously in a single model to test whether the MS and YR responded similarly to the habitat variables at each site. In addition to analyzing MS and YR simultaneously, we also analyzed the influence of independent variables on MS and YR in separate models, primarily to evaluate the response of MS and YR separately when the combined models had significant variables that were not group dependent, that is, when the slope of the relationship between the independent variable and the community response was the same for both MS and YR.
In exploratory analyses we found that MS and YR had different error term variances in each case, so we also allowed for unequal variances in the two groups. Further, because the same measures were conducted for MS and YR at all sites, a random block effect for site was included in the model. Interaction terms were used to test whether the slopes of the relationships between each community measure (e.g., species richness) and the independent variables were the same for MS and YR. When the slopes for a particular independent variable are not statistically different this implies that the relationship between the community measure and the independent variable was not statistically different between MS and YR. The subsequent step removed the interaction term and tested whether the slope between diversity and the explanatory variable is nonzero. If there was not a statistically significant relationship, that variable was removed from the model in a stepwise elimination procedure. The final model contained only those explanatory variables found to be statistically significant and also generated the smallest Akaike information criterion (AIC) value of the models tested. Statistical analyses were conducted using the GLIMMIX Procedure in SAS Version 9.2 (Copyright 2008, SAS Institute, Inc.).
Results
During March-May 2004 and 2005, we conducted 858 point counts at 86 locations and recorded 78 species of birds that numbered 6400 individuals (Table 2) . We eliminated 10 species (2 domestic, 6 waterbirds, an unidentified parrot, and a rare vagrant) from the data set prior to analysis, which resulted in a final data set of 68 species that totaled 6,260 separate observations (Table 2) . Of the 68 species included in the final data set, MS represented 69% (47 species) and YR 31% (21 species). Although MS included more than twice the number of species recorded for YR, the number of birds recorded for MS was only 26% (n = 1, 601) of total observations recorded for both groups (YR = 74%, n = 4, 659).
The response to site and landscape variables (Table 1 ) differed among MS and YR for some but not all variables Total observations are reported for each species as frequency (number of point counts in which species was recorded) and abundance (total number of birds recorded). Percent frequency and percent abundance are provided in parentheses and reflect the relative frequency and abundance of each species within its migratory classification. Detection rates (frequency and abundance) are provided for each species for point count sites categorized by the amount of native hammock cover present: <10% (42 sites, n = 420 point counts), 15-52% (17 sites, n = 170 point counts), 65-100% (27 sites, n = 268 point counts). Life history details for each species are provided in footnotes. Species with known resident populations were classified as resident species, even if migratory individuals are reported to occur. Classification of migratory and resident status was based on The Birds of North America Online [17] and, Florida Fish and Wildlife Conservation Commission [18] . Nomenclature is consistent with the American Ornithologist's Union Check-list of North American Birds [19] . measured and also differed slightly among the 3 community measures ( Table 3 ). The two variables that significantly influenced both MS and YR for all 3 community measures (species richness, species diversity, and the effective number of species) were percent cover of native hammock with understory (PCT HAM) and the size of the nearest hammock (SIZEHAM). Species richness, species diversity, and the effective number of species of MS were all positively associated with increasing PCT HAM, whereas increasing PCT HAM was negatively associated with all these measures for YR. The same response to PCT HAM was observed for all 3 community measures when MS and YR were analyzed in separate models. SIZEHAM was consistently associated with decreased species richness, diversity, and the effective number of species for both MS and YR (Table 3) . That is, as the size of the nearest hammock increased, species richness and diversity decreased. However, unlike PCT HAM, the relationship of SIZEHAM in the combined analysis was not group dependent, and in each model the group-dependent variable (SIZEHAM * group) was not significant. When the response to SIZEHAM was analyzed in separate models for MS and YR, the relationship remained significant for YR for all 3 community measures (species richness: F = 37.02, DF = 1, 83, P < 0.01; species diversity: F = 5.53, DF = 1, 80, P = 0.02; effective species: F = 5.73, DF = 1, 80, P = 0.02), but was not significant for MS for any of the community measures (species richness: F = 1.92, DF = 1, 83, P = 0.17; species diversity: F = 0.04, DF = 1, 80, P = 0.84; effective species: F = 0.11, DF = 1, 80, P = 0.74). The combined model results, therefore, indicated that the negative relationship between SIZEHAM and community richness and diversity measures was stronger for YR than MS.
Species diversity and the effective number of species, but not species richness, also decreased for both MS and YR as the distance from the nearest native hammock (D2HAM) increased (Table 3) . As with SIZEHAM, the response of MS and YR to D2HAM was similar, and in each model the groupdependent variable (D2HAM * group) was not significant. When analyzed in separate models the relationship was weak for YR (species diversity: F = 2.78, DF = 1, 80, P = 0.10; effective species: F = 3.18, DF = 1, 80, P = 0.08) and was not significant for MS (species diversity: F = 1.76, DF = 1, 80, P = 0.19; effective species: F = 1.86, DF = 1, 80, P = 0.18). These results indicated that the negative relationship between D2HAM and species diversity and effective number of species was not strong, but was stronger for YR than MS.
Percent canopy cover with cleared understory (PCT CAN) did not significantly influence any community measure for MS or species richness for YR, but was negatively associated with species diversity and effective number of species for YR (Table 3) . Percent cover of other habitat types (PCT OTHERHAB), which on averaged comprised <1% of cover types at point count sites (Table 1) did not influence species richness for either MS or YR, but had a negative influence on MS and a positive influence on YR for species diversity, and the opposite results for MS and YR for the effective number of species. The only other variable measured, PCT LAWN, did not significantly influence species richness, species diversity, or the effective number of species for either MS or YR species.
We documented 8 species (4 MS, 4 YR) listed by the US Fish and Wildlife Service [20] as species of conservation concern and plotted the frequency detection rates for these species at point count sites categorized by percent hammock cover (Figure 2 ). Although sample sizes were small and the information provided is descriptive, detection rates for the migratory Black-whiskered Vireo were 342% and 626% higher at sites with 15-52% and 65-100% hammock cover, respectively, than at sites with <10% hammock cover. Detection rates for migratory White-crowned Pigeons were also higher (158% and 173%) at sites with 15-52% and 65-100% hammock cover. Prairie Warblers and Mangrove Cuckoos, both recorded as resident species, had higher 
Discussion
Migratory birds (MS) recorded in the Keys during the spring migration and breeding period were the more species-rich group recorded, with greater than twice as many species as YR. However, in terms of abundance, the number of individuals of YR was nearly 3 times greater than MS. As collective groups, MS and YR species demonstrated different habitat requirements as measured by their response to site and landscape variables. These results illustrate the value of differentiating between migratory and resident species and quantifying community measures such as species richness and diversity measures when evaluating the importance of habitat variables as stopover or destination habitat for migratory birds.
Migratory Species.
The most important finding was the consistent and opposite response of MS and YR, as collective groups of species, to percent cover of native hammock forest with intact understory. Percent cover of native hammock (PCT HAM) was a significant positive influence on species richness, species diversity, and effective number of species of MS. These results suggest that the majority of migratory Hammock cover at point count sites (%):
Migratory Resident
Mean detection rates Figure 2 : Mean frequency (presence) detection rates at point count sites categorized by percent hammock cover for migratory and resident species designated as species of conservation concern by the U.S. Fish and Wildlife Service [20] .
species recorded in the Keys were dependent upon or preferred this native forest community. This does not mean, however, that all MS rely on native hammock cover. For example, some species such as the Palm Warbler (Dendroica palmarum) and Gray Catbird were commonly recorded at sites with and without native hammock cover, and species that prefer more open habitats, such as the Eastern (Tyrannus tyrannus) and Gray Kingbird (T. dominicensis) were more commonly observed at sites with reduced native hammock cover (Table 2) . Percent canopy cover with cleared understory (PCT CAN), a site variable associated with residential areas, did not significantly influence species richness, species diversity, or the effective number of species of MS. These results indicate that the availability of tree canopy cover in residential areas cannot provide an adequate substitute for native hammock communities for many MS. However, the absence of a negative influence also suggests tree canopy cover is likely important for many migratory species. A notable example includes the White-crowned Pigeon, which was more often recorded in areas with greater hammock cover but was also observed feeding in the canopy of trees in residential areas with little or no native hammock understory (Figure 2 ).
The negative relationship between species diversity and the effective number of species of MS and the percent cover of other habitats (PCT OTHERHAB), such as mangroves, pine, and wetlands needs to be placed in context and should not be interpreted to suggest that these other habitats were unimportant to MS. The objective of this study was to evaluate the role of native hammock cover and residential areas with varying amounts of hammock and tree canopy cover. These other habitat types, while present at many point count sites, averaged <1% of the cover at those sites (Table 1) . Consequently, these habitats were not adequately surveyed to make strong conclusions about their value to MS.
The negative influence of the two landscape variables on species richness and diversity measures for MS includes interpretation that is also somewhat speculative. The findings that species diversity and the effective number of species of MS decreased as the distance to the nearest hammock (D2HAM) increased seem straightforward and suggest that MS were attracted to hammocks and numbers of MS were greater in surrounding areas near hammocks. This interpretation is consistent with the influence of site variables, that is, that MS were positively associated with hammock cover. However, the negative relationship between the size of the nearest hammock (SIZEHAM) and species richness and diversity measures for MS is less clear. Because SIZEHAM included the hammock being sampled when point count sites were located within a hammock (Table 1) , we suspect these results were an artifact of greater dispersion and reduced detection of MS in larger hammocks. Hammocks are densely vegetated and birds in larger hammocks are likely more dispersed and detection rates lower. What is clear from our analyses is that native hammocks are important to MS, and previous work on conservation strategies, edge effects, and species-area relationships [27, 28] all support the principle that larger hammocks are ultimately more valuable as habitat for MS and for conserving biodiversity than smaller hammocks.
Year-Round
Residents. Species richness, species diversity, and effective number of species measures for YR responded in opposite ways to the amount of native hammock cover (PCT HAM) observed for MS. Whereas PCT HAM was the most important variable influencing presence of MS, this variable had a negative influence on the collective population of YR. This is because the majority of YR documented included species that are commonly associated with residential areas (Table 2) . These included 2 nonnative species, the Eurasian Collared Dove (Streptopelia decaocto) and European Starling (Sturnus vulgaris), which are commonly associated with urban landscapes [29] and represented the most abundant and the sixth most abundant YR observed, respectively.
These results do not imply that there were no YR species that use or may even require native hammock cover. On the contrary, several YR species, such as the White-eyed Vireo and Carolina Wren (Thryothorus ludovicianus) were found almost exclusively in hammocks. Resident species that preferred native hammock cover included the Prairie Warbler and Mangrove Cuckoo, both of which are species of conservation concern, and both of which were observed primarily or exclusively in hammocks (Figure 2 ). In fact, the Mangrove Cuckoo is reported to be dependent upon native hammock and mangrove communities for foraging and breeding habitat [18] . Consequently, native hammock habitat is important to some species of YR. Likewise, other habitat types (PCT OTHERHAB) contributed positively to YR species diversity measures and some species (e.g., Redwinged Blackbird, Agelaius phoeniceus), were most commonly observed in habitat types other than hammock or strictly residential landscapes.
As with MS, a negative relationship existed between SIZEHAM and D2HAM for species richness and diversity measures for YR. The negative relationship with SIZEHAM is consistent both with the observation that most YR species avoided hammocks and that detection rates were likely lower in larger hammocks due to dispersion and detection issues. Although detection rates were not quantified between YR and MS or between hammocks and residential areas, we do not believe this influences our conclusions. The negative relationship of both MS and YR (when analyzed simultaneously) with SIZEHAM does not alter interpretations of the positive response of MS and the negative response of YR to PCT HAM, because YR species were much more abundant than MS and if YR were using hammocks to a similar or greater extent than MS, our data would have reflected this.
Although species richness and diversity measures for YR were negatively associated with PCT HAM, we contend that the relationship between species diversity measures for YR and the distance to the nearest hammock (D2HAM) indicates most YR species benefit from the proximity of hammocks. Increased habitat diversity and foraging opportunities associated with native hammocks likely increased species diversity of YR in areas near hammocks, even if those species were more often observed in the residential landscape. This is because generalist species such as the Northern Mockingbird (Mimus polyglottos) and Blue Jays (Cyanocitta cristata) and species that prefer more open habitat (e.g., Great Crested Flycatcher, Myiarchus crinitus) likely benefited from the structural diversity, foraging, and nesting opportunities provided by edge habitat associated with hammocks, and several YR species, such as the Northern Cardinal (Cardinalis cardinalis) and Red-bellied Woodpecker (Melanerpes carolinus) were regularly documented in both areas with and without native hammock cover (Table 2 ).
Conservation Implications.
Conservation planning often prioritizes the protection of large, contiguous natural and seminatural areas to maximize benefits to biodiversity and sustain ecological processes and function [28] . These principles, however, may in some situations need to be scaled down to prioritize protection of remaining remnants of natural communities that provide important ecological services [7, 16] . The protection of important stopover and destination habitats used by migratory birds may fall into this type of conservation planning because there is evidence that bottlenecks in the amount and/or quality of stopover habitat may have negative impacts on migrant populations and the importance of conserving wintering and breeding habitat is well documented [3, 4] . Although much remains unknown regarding stopover habitat selection, it is clear that the availability and quality of stopover habitat may be critical for successful migration and reproduction, especially for migratory birds crossing major geographic barriers such as the Gulf of Mexico [6, 30] or seeking temporary stopover habitat in modified landscapes [29, 31] .
Our results documented the importance of native hammock forest remnants to migratory birds in the Keys, including several species of conservation concern and provide empirical support for conservation efforts to protect remaining hammock habitat [16] , such as the Florida Keys Ecosystem project [32] . Furthermore, although the majority of YR were garden-variety species commonly associated with residential areas, the proximity of native hammock habitat increased species diversity measures for YR, and several YR species were found primarily in native hammocks, including the Mangrove Cuckoo and resident populations of Prairie Warblers, both of which are species of conservation concern [20] . Consequently, conservation of native hammock remnants in the Keys is an appropriate conservation priority for conserving both resident and migratory bird populations.
